The analysis of pedigrees suggested recessive sexlinked inheritance in 18 families (10-8%); in 18 families more than one boy in the sibship was affected (108%), and in the remaining 131 families (78-4%) the patients represented isolated cases.
There are no detailed data on 11 families, and in 22 families the patient was the only child. In the remaining 156, there were 193 patients and 343 unaffected sibs, 167 of them male and 176 female. None of our patients had any offspring-the coefficient of relative fitness was zero. The frequency of mutations was estimated by the indirect method after Haldane (1935) . The assumption was made that registration covered all patients born between 1953 and 1960 in the city and voivodeship of Warsaw.
The direct method, according to the formula, u = j-(1-f) x x; since the relative fitness f= 0, u = i x x, x being the birth ratio of affected boys to normal boys. In 1953 to 1960 we observed 46 patients from 42 families according to the data of the Polish Statistical Bureau 328,110 boys were born during these years in the area in question and thus 46 x = =0-000140 = 14-10-5 328,110 and Assuming complete registration of cases in the city and voivodeship of Warsaw, we calculated the incidence rate and prevalence of Duchenne's dystrophy. According to our data the former was 140 per million (in particular years, the figure varies from 80 to 220 affected boys in one million births of boys), and the prevalence was 19 5 in one million of the male population.
Benign X-linked progressive muscular dystrophy, i.e. Becker's form (1962 The segregation ratio was estimated by Weinberg's sibship method (Table II) and by Lejeune's method (Li, 1961) . (Table III) . In routine studies, the methods described yield satisfactory results. For more complex purposes, one may use the method of maximum likelihood scores described by Bailey (1961) , which has been adapted for estimation of the proportion of sporadic cases byMortonandChung (1959) . Theproportion of sporadic cases in the total of cases, 'x' and 'p', may be determined from the distribution of families with one and more affected children. Furthermore, 'p' can be determined independently from the number of affected children in families with more than one.
With probability of ascertainment rT= 0 24, the estimate was P = 0-24 ± 0-066, which is not in conflict with the hypothesis of simple recessiveness.* With ir = 0-24, the result after 8 iterations was p = 0-13±0-19 and x=0-01±1 186 and subject to no further change. Here, 'p' was fairly low, though still not in conflict with the hypothesis of recessiveness, whereas the proportion of sporadic cases was virtually nought.
In order to enhance the accuracy of the results, a third stage of estimation was introduced; for 7T = 0-24 the result was p = 0-24 + 0-063, and x = 035 ± 04156.
The proportion of sporadic cases also was determined with the aid of the mean inbreeding coefficient (Table IV) . 
=512~256
Since data on the frequency of consanguineous marriages in Poland are not available, we assumed for the population the mean inbreeding coefficient for the state of Wisconsin, U.S.A. (Morton, 1961) .
We calculated the number X of sporadic cases among the isolated from the equation
where n = the number of isolated cases (81) The mutation rate was calculated from the formula u = (1 -f) x x, where f is relative fitness and x is the incidence of the defect. Hence (1 -f) = 1-0-54=0046, which means that 46% of alleles were eliminated in the given generation.
births of affected individuals X = total of births The area covered was that of the city and voivodeship of Warsaw in the hope that within it we would be able to assemble data on all patients. In [1946] [1947] [1948] [1949] [1950] [1951] [1952] [1953] [1954] [1955] [1956] [1957] 15 The segregation ratio p was calculated by
Weinberg's sibship method (Table V) and by the a priori method (Table VI) . With p assumed as 0 5, the expected number of patients was 34 21 + 3-5 (Table VI) .
These results are concordant with the actual number of patients (29) The results obtained for p = 0-485 ± 0-13 and 0-5, depending on the method, were in agreement with the theoretical value. So-called anticipation was not observed in the families investigated. The age of parents and children at the onset of the disease was similar (where the disease was recorded in two or three generations).
Since the number of patients under observation was too small, we estimated neither the mutation (which is presumably very low) nor the incidence rates. The prevalence rate was 4 per million. (Herndon, 1954; Walton, 1957; Kurland, 1958; Myazaki, 1963; Nogata et al., 1964; Kuroiwa and Myazaki, 1967 ); this is not strikingly different from our estimates which are probably too low owing to the still imperfect methods of diagnosis, notably in small children, and incomplete registration of the cases, particularly those in rural areas.
Discussion
Duchenne's progressive muscular dystrophy. The Duchenne gene is sex-linked. The evidence for this is that (1) the disease affects exclusively boys, (2) transmission of the disease by a healthy mother can be proved in some families, and (3) the disease may develop in women with Turner's syndrome (Walton, 1957; Ferrier, Bamatter, and Klein, 1965) .
The penetrance of the Duchenne gene seems to be complete-the disease becomes manifest in all males who are hemizygous with regard to this gene.
According to our material, the frequency of mutations was 97-106 when determined by the less precise direct method, and 46.10-6 by the somewhat more precise indirect method. This approaches the data obtained by other authors who report the frequency of mutations as from 3-8 x 10-5 to 9 5 x 10 -5 (Stephens and Tyler, 1951; Stevenson, 1953; Becker and Lenz, 1955, 1956; Walton, 1956 Walton, , 1957 Blyth and Pugh, 1959; Morton, Chung, and Peters, 1963; Moser et al., 1964; Rotthauwe and Kowalewski, 1965; Kuroiwa and Miyazaki, 1967) . Haldane (1956) attributes about one-third of the cases to mutations. In our study the calculations of the incidence and morbidity rates were based on data for the city and voivodeship of Warsaw on the assumption that registration was complete for this area. The respective figures obtained were 140 births of affected individuals per million births of boys, and 20 patients for a population of one million. These data are comparable with those reported by Morton et al. (1963) who put the incidence rate at 297 per million births of boys, and the prevalence at 33 per million. Walton's calculations (1956) gave 50 patients per million.
Benign sex-linked progressive muscular dystrophy, i.e. Becker's form. Our material of 2 families with 10 patients was too scant for calculations of the frequency of mutation, incidence rate, and prevalence. Relative fitness in our material was 69% against 25% in Rotthauwe and Kowalewski's (1965) . The mutation rate, which the latter authors estimated as 5 x 10-7, would thus be even lower in our material. Moser et al. (1964) reported a frequency of mutations of 1-2 x 10-5. These data obviously are greatly lacking in accuracy since the number of observed cases is small, the fertility of patients depends not only on the severity of the disease but also a variety of environmental factors, and the diagnosis of this type of dystrophy is difficult and in isolated cases very unreliable. Finally, Emery and Walton (1967) are now inclined to diagnose three forms of benign Duchenne dystrophy, and each may perhaps occur with a different frequency. To judge by our material, Becker's form is about one-fortieth as frequent as is the acute form of Duchenne's dystrophy.
Limb girdle progressive muscular dystrophy. Determined by Weinberg's method of sibships and Lejeune's method, the segregation ratio was in the neighbourhood of 0-25 in our material, which suggests for the disease a recessive autosomal character with full penetrance in the group investigated. This is inconsistent with the results of the method of segregation analysis, which put the percentage of sporadic cases in the group of isolated cases at 35. The latter figure approaches the data of Morton and Chung (1959) who calculated the proportion of sporadic cases as x = 410%.
The proportion of sporadic cases among the isolated ones also can be estimated with the aid of the mean coefficient of inbreeding, which was FF= 105 x 10-5 and Fi=91 x 10-5 in our material, and FF=804 X10-5 and Fi= 119 x 10-5 in Morton and Chung's. It will be readily noted that the difference between FF and Fi is slight in our material, whereas in Morton and Chung's FF is seven times as large as F1. This, among other things, probably accounts for the difference in the percentages of sporadic cases, which are 100% and 410, respectively. However, as has already been noted in the description of the material, the calculations are burdened with too large an error to carry much weight.
As already emphasized, the isolated cases differ clinically in no way from the familial ones, the mean inbreeding coefficients are very similar, and it is doubtful whether there is adequate reason to assume the existence of sporadic cases in our material.
In 6 families the parents were consanguineous, so the frequency of consanguinity was 5 8 % and lower than reported by Becker (1964) , who in his material of 29 sibships found 5 (17-2%) that had consanguineous parents. Other authors reported a similarly high proportion of consanguinity among the parents of patients. Becker (1964) Morton et al. (1963) and Rotthauwe and Kowalewski's (1965) . Very obviously, the lower the coefficient of biological fitness, the higher must be the mutation rate, if the given population is assumed to be in genetical equilibrium. Hence, Morton et al. (1963) give the mutation rate as 3-1 x 10-5, and Rotthauwe and Kowalewski (1965) as 3-6x 10-5, whereas in our material it is 7-3 x 10-6 per gene per generation.
But it needs to be noted that with recessive mutations the calculations of mutation rate are very much open to doubt-the coefficient of biological fitness varies and depends on the milieu from which the patients come. The more primitive this milieu, the higher is the coefficient of biological fitness, and consequently, if a genetical equilibrium is assumed for the population, the lower will be the figure for the mutation rate.
Therefore, though interesting from the theoretical point of view and promoting comparisons of the data reported by different authors, these estimations are very unreliable.
The incidence rate for limb girdle progressive muscular dystrophy was 16 per million births, and prevalence, 12 3 per million of the population. Morton et al. (1963) have calculated the figures as 65 and 20, respectively, and Walton (1957) (Becker and Lenz, 1955, 1956 ), 73% (Morton et al., 1963) , and 74% (Rotthauwe and Kowalewski, 1965) . Our figure for the incidence rate was 4 in a population of one million (the same as reported by Morton et al., 1963) . Life expectancy was almost equal to the average for the entire population. Presumably, therefore, prevalence also was 4 per million of the population. In view of the high coefficient of relative fitness, the mutation rate would be about 3-0 x 10-7per gene per generation. The published data are somewhat higher and range from 47 x 10-7 to 4-7 x 10-6 (Becker and Lenz, 1955, 1956; Morton et al., 1963; Moser et al., 1964; Rotthauwe and Kowalewski, 1965) .
The disease being rather rare, calculations of this kind are of necessity burdened with a large error. Summary 380 Patients with progressive muscular dystrophy coming from 296 families have been studied. On the basis of a study of 215 patients with the Duchenne type of progressive muscular dystrophy, the mutation rate in this disease has been estimated as 46 10 -6 per gene per generation. The incidence rate was estimated as 140 per million, the prevalence 19 5 per million population. Only 2 families with the benign X-linked progressive muscular dystrophy have been observed. Relative fitness in this group was estimated as 0 70.
In a group of 136 patients with the limb girdle type of progressive muscular dystrophy, the genetic ratio was estimated by Weinberg's sibship and proband methods and by Lejeune's method as 0-27, 0-14, 0-22, respectively. Mutation rate in this form was estimated as 7-3 x 10-6 per gene per generation.
The proportion of sporadic cases estimated by segregation analysis was 0 35, by inbreeding analysis -0-10. Relative fitness was estimated as 0 54, incidence rate as 16 per million, prevalence rate 12 3 per million population.
Twenty-nine patients with facio-scapulo-humeral progressive muscular dystrophy were observed. The genetic ratio by Weinberg's sibship method and by a priori method was 0-48 and 0 5, respectively. Relative fitness was estimated 0-80, prevalence rate as 4 per million population.
